Previous researches show that the total electron content ('fEC) in the ionospheric exhibits anomalous disturbances a few days or hours prior to earthquakes. The paper used TEC data from Internet GPS Service (IGS), and examined 50 earthquakes of magnitude Ms;;;.7. 0 during 2007 -2009 worldwide. The result shows significant anomalous increaaes and decreases about 7 days prior to 94% of the earthquakes.
Introduction
In the search of new methods for earthquake prediction , the study of ionospheric disturbances before earthquakes has become a hot topic. One of the parameters studied since the 1990s is ionosphere' s total electron content ( TEC ) . Recent application of the Global Positioning System ( GPS) to monitor the ionosphere TEC has shown great advantages over conven- .. We treated the data as in reference [ u] , by first removing the apparent periodic term by fitting for the time series with some periodic functions , and then processing the residuals by the moving-average method.
We obtained the initial average and the variance from data between the 30th day and the 20th day before the earthquake . Assuming X to be the value of the time series at a grid point in the two-dimensional ionospheric TEC field and using a time window of 10 days, we calculated the mean and the associated standard deviation. We set the error limit to 2u at 95% confidence level. If a value was lower than the lower boundary ( X -2u) or larger than the upper boundary ( X + 2u) ,
we defined it as an anomalous disturbance.
Data analysis and interpretation
We processed the pre-earthquake ionospheric TEC data for each earthquake and selected local time 14: 00 as the reference time. To exclude the interference caused by magnetic storms and geomagnetic activity , we considered concurrently the geomagnetic Kp index data provided by the International geomagnetic data center.
Kp index was designed to describe the physical strength of the geomagnetic activity ; it is updated every 3 hours. If there was a moment on any day when the Kp value was larger than 4 , then the ionospheric TEC anomaly on that day was excluded from our consideration. Table 1 lists the date, time, epicenter , depth, and magnitude of the earthquakes and the corresponding ionospheric TEC anomalies.
As shown in Table 1 , among the 50 earthquakes, 47
were preceeded by aparent anomalous increases and/ or decreases within 10 days before the eaqrthquakes. In order to better show the characteristics of these changes, we plotted in Figure 2 the ratio between earthquakes that showed anomalies and the total number of earthquakes as a function of time. It can be seen in Figure 2 ( a) that the highest ratio for increase is 34% , and the next highest is within one day before earthquake occurrence. The temporal variation is not a simple function of time. As shown in Figure 2 ( b ) , negative anomalies also occurred before these earthquakes and 86. 2% of them occurred within a week before the earthquakes , which is consistent with a previous study[l3] 
